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METHOD AND APPARATUS FOR
GENERATING PWM SIGNAL

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent
Application No. 10-2016-0019374, filed on Feb. 18, 2016,

entitled “METHOD AND APPARATUS FOR GENERAT-
ING PWM SIGNAL”, which 1s hereby incorporated by
reference 1n 1ts entirety into this application.

BACKGROUND

1. Technical Field

The present disclosure relates to a method and an appa-
ratus for generating a PWM signal. More specifically, the
present disclosure relates to a method and an apparatus for
generating a random PWM voltage reference signal for
driving an inverter, which can more simply generate random
position PWM (RPPWM) 1n which a position of an active
vector 1s changed to achieve the same effect as when a

switching frequency 1s changed.

2. Description of the Related Art

In the case where an 1mverter 1s driven by a PWM signal
having a fixed frequency, voltage and current are concen-
trated on a multiplied frequency of the switching frequency.
As a result, there 1s a problem 1n that noise of a particular
frequency 1s created.

In order to solve the problem, a random PWM scheme
that varies the switching frequency has been proposed. The
schemes for implementing such random PWM may include
random frequency PWM (RFPWM) that varies the fre-
quency of a triangle wave 1tself, random position PWM
(RPPWM) that varies the position of an active vector,
random switching PWM (RSPWM) that generates a random
number of pulses, and the like.

Among these, in the REPWM scheme, the frequency of a
triangle wave itself 1s randomly varied.

When the current of a general-purpose inverter 1s mea-
sured, a triangle wave 1s sampled at its peak or zero.
Accordingly, whenever the frequency of a triangle wave 1s
changed, sampling timing 1s changed at every period.

Since a fixed switching frequency has a constant period of
a triangle wave 1n operation processes necessary for refer-
ence frame conversion, 1t 1s may not necessary to calculate
calculation periods at every PWM period. However, when
the frequency of a triangle 1itself 1s changed such as in
RFWPM scheme, calculation periods are changed at every
pertod and thus are calculated at every period of a PWM
signal. As a result, there are many considerations in pro-
gramming, and calculation time also increases.

In view of the above, according to an exemplary embodi-
ment of the present disclosure, RPPWM can be mmple-
mented more simply, such that it can be widely applied to
general inverters and reduce electromagnetic noise of mvert-
ers eflectively.

SUMMARY

It 1s an aspect of the present disclosure to provide a
method and an apparatus for generating a random PWM
voltage reference signal for driving an inverter, which can
more simply generate random position PWM (RPPWM) in
which a position of an active vector 1s changed to achieve
the same eflect as when a switching frequency 1s changed.
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2

Objects of the present disclosure are not limited to the
above-described objects and other objects and advantages
can be appreciated by those skilled in the art from the
following descriptions. Further, 1t will be easily appreciated
that the objects and advantages of the present disclosure can
be practiced by means recited 1n the appended claims and a
combination thereof.

In accordance with one aspect of the present disclosure, a
method for generating a PWM voltage reference signal for
driving inverters includes: calculating reference values from
three phase voltage references to provide them; generating
random variables for each of periods of the voltage refer-
ence; and applying compensation values generated by using
the random variables at every period of the voltage refer-
ences on the reference values to generate a random PWM
voltage reference.

The method may further include: scaling the random
variable so that a sum of the compensation value and the
reference value 1s located within a range between a maxi-
mum limit and a minimum limit of the reference value.

The scaling may include scaling the random variables so
that the oflset values are located in a range between the
maximum value of the reference value and the maximum
limit of the reference level or a range between the minimum
value of the reference value and the minimum limit of the
reference value.

The maximum value and the mimimum value of the
reference value used for scaling the random variables may
be obtained from Equation below:

VF:!GI T Ve = _(V;ﬁn + VSH)
* *
_ Vmax + Vmin
Vsn = — 2

According to an exemplary embodiment of the present
disclosure, a random PWM voltage reference signal can be
generated more simply by performing a PWM calculation
with minimum and maximum voltage values that 1s a
modulation scheme maximizing the voltage utilization, such
that there are many advantages i1n that it can be widely
applied to general mverters and reduce electromagnetic
noise ol nverters eflectively.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram {for illustrating a configuration of a
compressor employing an apparatus for generating a random
PWM signal 1n the related art;

FIGS. 2 and 3 are diagrams for illustrating a method for
generating a random PWM voltage reference signal accord-
ing to an exemplary embodiment of the present disclosure;

FIG. 4 1s a block diagram for illustrating an apparatus for
generating a random PWM voltage reference signal accord-
ing to an exemplary embodiment of the present disclosure;
and

FIG. 5 15 a flowchart for 1llustrating a method for gener-
ating a random PWM voltage reference signal according to
an exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION

The above objects, features and advantages will become
apparent from the detailed description with reference to the
accompanying drawings. Embodiments are described 1in
suflicient detail to enable those skilled 1n the art 1n the art to
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casily practice the technical idea of the present disclosure.
Detailed disclosures of well known functions or configura-
tions may be omitted 1n order not to unnecessarily obscure
the gist of the present disclosure.

Hereinafter, embodiments of the present disclosure will
be described in detail with reference to the accompanying,
drawings. Throughout the drawings, like reference numerals
refer to like elements.

FIG. 1 1s a diagram {for illustrating a configuration of a
compressor employing an apparatus for generating a random
PWM signal in the related art.

Referring to FIG. 1, the apparatus for generating a PWM
signal includes a power supply 10, an mverter unit 20, a
rotor position and speed detector 30, a proportional integra-
tion (PI) controller 40, a PWM pulse generator 50, a gate
signal generator 60, a random variable generator 70, a PWM
frequency determiner 80, a PWM comparison signal gen-
erator 90, and so on.

The power supply 10, upon receiving AC power, supplies
voltages as required by the respective elements. The inverter
unit 20 receives the voltages from the power supply 10 and
drives a BLDC motor according to a control signal input
thereto.

The rotor position and velocity detector 30 detects the
position of the rotor of the BLDC motor and calculates the
velocity to output 1t. The PI controller 40 performs propor-
tional integration on the difference between a reference
value W* and the rotation velocity o detected by the
detector 30 and adjusts the duty ratio of the PWM.

The random variable generator 70 generates random
variables for generating random PWM. The PWM f1re-
quency determiner 80 determines a PWM frequency based
on the random variables generated in the random variable
generator 70 to output 1t.

The PWM comparison signal generator 90 receives a duty
ratio from the PI integrator 40 and a PWM {frequency from
the PWM frequency determiner 80 to determine the period
and on-time of the PWM irequency, and output them. The
PWM pulse generator 50 uses the period and the on-time of
the PWM {requency generated in the PWM comparison
signal generator 90 to generate a PWM pulse, and output it.

The gate signal generator 60 generates a gate signal to
turn on/ofl switching elements of the inverter unit 20 by the
PWM pulses generated in the PWM pulse generator 50.

A typical fixed switching frequency inverter does not
include the random variable generator 70 and the PWM
frequency determiner 80, and receives AC power from the
power supply 10 to convert 1t to voltages as required by the
inverter unit 20. Then, s1x switching elements in the inverter
unit 20 are connected or disconnected, such that a three-
phase voltage 1s supplied to the motor. As the motor rotates,
the position and velocity detector 30 detects the velocity.
The PI controller 40 performs proportional integration on
the reference velocity W* and the current velocity o to
calculate the duty ratio of the PWM. Then, 1t 1s sent to the
PWM comparison signal generator 90.

For the random switching frequency inverter, the random
variable generator 70 generates random variables. Accord-
ingly, the PWM 1requency determiner 80 determines the
period T of the PWM switching frequency between a
predetermined maximum and minimum frequencies and
outputs it to the PWM comparison signal generator 90.

The PWM comparison signal generator 90 compares the
duty ratio received from the PI controller 40 with the period
of the PWM switching frequency received from the PWM
frequency determiner 80, to determine the period and on-
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4

time of the PWM switching frequency. Then, the PWM
comparison signal generator 90 sends them to the PWM
pulse generator 50.

The PWM pulse generator 50 uses the PWM switching,
frequency and i1ts period and on-time to generate PWM
pulses for controlling the switching elements of the inverter
unit 20 and sends them to the gate signal generator 60. The
gate signal generator 60 recerves the PWM pulses sent from
the PWM pulse generator 50 to connect/disconnect the
switching elements of the mverter unit 20, and supplies the
three-phase voltage to the motor.

However, as described above, the frequency of a triangle
wave 1tsell 1s changed in RFPWM scheme, calculation
periods are changed at every period and thus are calculated
at every period of a PWM signal. As a result, there are many
considerations 1n programming, and calculation time also
1nCcreases.

In view of the above, the present disclosure proposes a
novel approach that can generate a random PWM signal
more simply and conveniently by improving the configura-
tion and functionality of the PWM pulse generator 50.

FIGS. 2 and 3 are diagrams for 1llustrating a method for
generating a random PWM voltage reference signal accord-
ing to an exemplary embodiment of the present disclosure.

As mentioned earlier, the present disclosure relates to a
method for achieving random PWM by RPPWM scheme, in
which switching frequency 1s randomly changed, unlike
existing methods. That 1s, RPPWM scheme uses a fixed
switching frequency and thus does not require a process of
synchronizing a triangle wave operation and the operations
required by RPPWM scheme shown 1n FIG. 1. In particular,
the present disclosure provides a novel RPPWM technique
by simply adding a randomly-generated compensation value
to an existing algorithm for performing a PWM calculation
using minimum and maximum voltage values.

Initially, FIG. 2 shows a triangle wave generated with a
constant frequency along time (t) axis, reference voltages of
U-phase and V-phase of a three-phase voltage, and a line
voltage (U-V) corresponding to the diflerence therebetween.

The reference voltage 1s a voltage signal for controlling an
output voltage from an mverter by using a feedback value
such as velocity information or current information of a
motor. For example, referring to FIG. 1, the PI controller 40
may output a reference voltage by using the velocity infor-
mation W* of the motor. In the following descriptions,
“reference voltage,” “voltage reference,” “reference signal”
and “voltage reference signal” and the like are used as
having the same meaning unless specifically stated other-
wise.

Since the current supplied 1nto the motor 1s determined by
the line voltage, and thus the line voltage (U-V) 1s physically
meaningtul.

Although the line voltage, 1.e., the difference between the
U-phase voltage and the V-phase voltage i1s maintained
constant throughout the periods of the triangle wave,
whereas the oflset value OFFSET varies randomly, which 1s
to be added to the U and V values. Accordingly, 1t can be
seen from FIG. 2 that the positions of pulses of the line
voltage vary among different periods. In other words, the
line voltage pulses concentrate on the center of a PWM
period when the oflset value becomes large, while the line
voltage pulses are located at edges of a PWM period when
the offset value becomes small.

Accordingly, by varying the oflset value at every period,
the positions of the line voltage pulses change 1n each of the
triangle wave. As a result, the same effect can be achieved
as when the switching frequency i1s changed. That is, by

e Y
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generating random variables and using them as the offset
values, the positions of the line voltage pulses can be
randomly changed among different periods of the triangle
wave.

In this case, however, the output value, 1.e., the sum of the
applied reference value and the oflset value may exceed the
maximum limit value of the reference value (the peak of the
triangle wave). When this happens, there 1s a problem 1n that
only the maximum limit value of the reference value 1is
output over and over, such that random switching eflects
may not be achieved.

Accordingly, 1t 1s necessary to scale the ofiset values so
that the sum 1s located 1n the range between the maximum
limit and the minimum limit of the reference value. That 1s,
the maximum limit and minimum limit of the reference
value are fixed, while the reference value itself may vary
among different periods. Therefore, 1n order to maintain the
output value 1n an approprate range, the random variables
to be used as the offset values have to be changed accord-
ingly by scaling.

As shown in the drawing, the distance between the
maximum reference value and the peak of the triangle wave
(maximum limit value), and the distance between the mini-
mum reference value and the trough of the triangle wave
(minimum limit value) vary among different periods.
Accordingly, 1n order to calculate the range within which the
positions of the pulses may change, the two distances have
to be calculated at every period.

However, calculating the range of the random oflset based
on the maximum and minimum values of a triangle wave at
every period requires complicated calculation process, and

thus there 1s a problem that the calculation time 1s increased.
Accordingly, it may be contemplated to use a method
shown 1n FIG. 3.
Referring to FIG. 3, by determining the reference values
VvV, * V_* V_*output from the PI controller and the like

(see FIG. 3(a)) and performing a PWM operation using
mimmum and maximum voltage values on the values, the
average ol the maximum reference value and the minimum
reference value (V, *+V __*)/2 1s located in the center of the
triangle wave (see FIG. 3(b)). I the absolute values of the
maximum reference value V*  and the minimum refer-
ence value V* _ of the three phase voltage reterences are
equal to each other, the active voltage vector depending on
the switching state as a result of comparison with the triangle
wave 1s located 1n the very center of the period of voltage
modulation. By using the principle, 1t 1s possible to imple-
ment existing symmetric space vector voltage modulation
technique more simply (see “Unified analysis of PWM
method for three phase voltage source mverter using oflset
voltage” by Dae-woong Jung, Ph.D. dissertation, Seoul
National Umversity in February 2000). That 1s, by perform-
ing a PWM operation using mimmimum and maximum voltage
values, adjusted reference values Vbs**, Vas™* Vcs** can
be obtained, such that the maximum reference value V, *
and the minimum reference value V__* are equally distant
from the center of the triangle wave. It can be seen that the
voltage modulation scheme can be achieved more simply by
using such adjusted reference values.

The PWM operation using minimum and maximum volt-

age values may be expressed 1in Equation 1 below:

Ve v = — (V. +vg,) [Equation 1]
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-continued
_ me: + Vmin

V.SH 2

An arbitrary value V_, may be determined so that the
absolute value of the maximum reference value V*

FrEGEX

becomes equal to that of the minimum reference value V*_
when the arbitrary value V_, 1s added thereto. It can be seen
from Equation 1 that the arbitrary value Vsn thus determined
1s the average (V* _ +V* /2 of the maximum reference

FRLEEX

value and the minmimum reference value.

Accordingly, as the average of the maximum reference
value and the minimum reference value 1s located 1n the
center of the triangle wave, the maximum reference value
and the may include reference value are equally distant from

the center of the triangle wave, such that the relationship
V¥ ==V* _ 1s established.

In other words, by performing a PWM operation with
minimum and maximum values, the distance between the
maximum reference value and the maximum value of the
triangle wave corresponding to the maximum limit of the
reference value becomes equal to the distance between the
minimum reference value and the mimmum value of the
triangle wave corresponding to the minimum limit value of
the reference value. Accordingly, the wvariation range
between the maximum reference value and the maximum
value of the triangle wave or between the minimum refer-
ence value and the mimimum value of the triangle wave 1s
calculated to determine an oflset value, and “+/-" conver-
sion 1s performed on it, such that output values randomly
generated within a range that does not exceed the maximum
limit value and the minimum limit value of the reference
value.

It can be seen from FIG. 3(c) that the line voltage (U-V)
obtained from the reference values V, **% V #¥x §/ e
to which an arbitrary oflset value 1s applied 1s different from
the previous line voltage (as indicated by T ,-~) due to the
influence of the offset value.

In FIG. 3 and Equation 1, V_* V,k * V_* denotes the
reference values calculated from the applied three-phase
voltage reterence, V_** V, 6 ** ¥ ** denotes adjusted
reference values obtained by performing the PWM operation
using minimum and maximum voltage values on the three
phase reference values, respectively. Further, V _ **%,
V, #FE OV R denotes output values obtained by applying
the offset value to the adjusted reference values.

FIG. 4 1s a block diagram for illustrating an apparatus for
generating a random PWM voltage reference signal accord-
ing to an exemplary embodiment of the present disclosure.

Referring to F1G. 4, the apparatus for generating a random
PWM voltage reference signal according to the exemplary
embodiment of the present disclosure includes a voltage
reference provider 410, a random variable generator 420, an
operator 430, a scaler 440, a signal combiner 450 and the
like.

The voltage reference provider 410 provides ordinary
three-phase voltage references. The random variable gen-
crator 420 generates random variables applied as offset
values at every period of a voltage reference. Alternatively,
the random variable generator 420 may generate random
variables at every natural number multiple of the period of
a voltage reference. In this case, random variables generated
in a period corresponding to the period of the voltage
reference may be selectively used.

It 1s to be understood that any of well known random
variable generating techniques such as mid-square method

FrIiF?
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and linear congruential method may be applied to the
random variable generator 420.

The operator 430 performs a PWM operation using mini-
mum and maximum voltage values by using a current
voltage reference sent from the voltage reference provider
410. The scaler 440 scales the random variables with a range
set from the maximum value or the minimum value of the
adjusted reference values calculated via the PWM operation
using minimum and maximum voltage values and the maxi-
mum value or the minimum value of the triangle wave,
thereby generating an oflset value.

For example, let us assume that the random variables are
generated as numbers within a predetermined range (e.g., 1
to 100) and the ranges set by the maximum value of adjusted
reference values and the maximum value of a triangle wave
during three periods of the triangle wave are 8, 10 and 15,
respectively. If the random varnable 1n the first period of the
triangle wave 1s 80, a scaling ratio of 8*(80/100) may be
applied. Accordingly, the offset value 1s approximately 6.

Subsequently, 11 the random variable 1n the second period
of the triangle wave 1s 50, a scaling ratio of 10*(50/100) may
be applied. Accordingly, the oflset value 1s 5. If the random
variable in the third period of the triangle wave 1s 235, the
oflset value 1s approximately 4.

That 1s, the random variables generated by the random
variable generator 420 may be created as oflset values
falling within in the ranges set by the scaler 440. Then, the
offset values and the adjusted reference values may be
combined by the signal combiner 450, such that a random
PWM voltage reference can be generated.

In other words, the operator 430 performs MinMaxPWM
operation on the voltage references provided from the volt-
age reference provider 410 to obtain the adjusted reference
values, and the adjusted reference values are delivered to the
scaler 44 and the signal combiner 450. Then, the adjusted
reference values delivered to the scaler 440 are used to scale
the random variables generated by the random wvariable
generator 420. Then, the oflset values generated by scaling
the random variables are combined with the adjusted refer-
ence values by the signal combiner 450, such that the
random PWM voltage reference signal varying among dii-
ferent periods can be generated.

That 1s, as described above, by performing MinMaxPWM
operation on the voltage references provided from the volt-
age reference provider 410 by the operator 430, the maxi-
mum reference value and the minimum reference value can
be equally distant from the center of the triangle wave. By
doing so, the active vector may be applied in a section
between the maximum reference value and the maximum
value of the trniangle wave and between the minimum
reference value and the minimum value of the triangle wave.
Accordingly, the scaler 440 performs scaling so that the
random variables generated by the random variable genera-
tor 420 are located in the section, and accordingly the oflset
values are created from the scaling and are applied to the
adjusted reference values provided from the operator 430,
thereby creating the random PWM reference signal.

Preferably, when the scaler 440 uses a middle maximum
reference value among results of the PWM operation using
mimmum and maximum voltage values to generate oflset
values, the maximum value of the triangle wave may be
used. On the other hand, when the minimum reference value
1s used, the minimum value of the triangle wave may
preferably be used.

As described above, the PWM operation using minimuim
and maximum voltage values may be carried out according
to Equation 1.
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FIG. 5 1s a flowchart for 1llustrating a method for gener-
ating a random PWM voltage reference signal according to
an exemplary embodiment of the present disclosure.

Referring to FIG. 5, the method for generating a random
PWM voltage reference signal according to the exemplary
embodiment of the present disclosure includes providing
reference values S510, generating random variables S520,
scaling S530, and combining signals S340 and the like.

The providing S510 provides three phase voltage refer-
ences having a constant frequency. The generating S520
generates random variables for each of the periods of the
voltage references.

The scaling S530 includes calculating adjusted reference
values by performing a PWM operation using minimum and
maximum voltage values on the voltage references sent from
the providing S510 (step S532). In addition, the scaling
S530 includes generating oflset values by scaling the ran-
dom vanables within a range formed by the difference
between the maximum reference value or the minimum
reference value of the adjusted reference value and the
maximum value or the minimum value of the triangle wave
(step S534)

That 1s, by performing the scaling S530, oflset values can
be generated so that the output value as combination of the
reference values and the offset values 1s located within a
range between the maximum value and the minimum value
of the tnangle wave that are the maximum limit and the
minimum limit of the reference values.

The offset values thus generated are combined with the
adjusted reference values via the combining S540, such that
a real-time random PWM voltage reference signal can be
generated.

As described above, exemplary embodiments of the pres-
ent disclosure relate to a method for implementing a random
PWM that does not require synchronization process among
triangle wave operation or operations. In particular, by
simply adding random oflset values generated by using the
PWM operation using minimum and maximum voltage
values, a random PWM region signal can be generated
ciliciently, which 1s already described above.

According to an exemplary embodiment of the present
disclosure, a random PWM voltage reference signal can be
generated more simply by using a PWM operation with
minimum and maximum voltage values that 1s a modulation
scheme maximizing the voltage utilization, such that it can
be widely applied to general mverters and reduce electro-
magnetic noise of mverters ellectively.

The exemplary embodiments of the present disclosure
described above may be substituted, altered, and modified
by those skilled 1n the art without departing from the scope
and sprit of the present disclosure. Therefore, the present
disclosure 1s not limited to the above-mentioned exemplary
embodiments and the accompanying drawings.

What 1s claimed 1s:

1. An apparatus for generating a PWM voltage reference
signal, the apparatus comprising;:

a voltage reference provider configured to calculate ret-

erence values from three-phase voltage references;

a random variable generator configured to generate ran-

dom variables:

an operator configured to perform a PWM operation using,

minimum and maximum voltage values on a current
voltage reference of the reference values sent from the
voltage reference provider to calculate adjusted refer-
ence values;:

a scaler configured to scale the random wvariables by a

range set by a maximum value or a minimum value of




Us 10,177,754 B2

9

the adjusted reference values and a maximum limait or
a minmimum limit of the adjusted reference values to
generate compensation values; and

a signal combiner configured to combine the adjusted
reference values and the compensation values to gen-
crate the PWM voltage reference signal.

2. The apparatus of claim 1, wherein the PWM operation

1s carried out by

* *
Voo + Vs = —(V,;, + Vi)
* *
_ Vmax + Vmin
Vsn = — 2 ’

wherein the V¥ 1s a maximum reference value, the

V*  1s a mmmimum reference value, and v_ 15 an

arbitrary value.

3. The apparatus of claim 2, wherein the scaler scales the
random variables so that a sum of the maximum value or the
mimmum value of the adjusted reference values obtained
from the PWM operation and a maximum value or minimum
value of a triangle wave does not exceed the maximum limit
and the minimum limit of the adjusted reference values.

4. The apparatus of claim 1, wherein the random variable
generator generates the random variables for each period of
the three-phase voltage reference.

5. A method for generating a PWM voltage reference
signal, the method comprising:

calculating, with a voltage reference provider, reference

values from three-phase voltage references;
generating, with a random variable generator, random
variables:

applying, with a signal combiner, compensation values

generated by using the random variables at every

10

period of the three-phase voltage references on the
reference values to generate the PWM voltage refer-
ence signal; and
scaling, with a scaler, the random variables so that a sum
d of the compensation values and the reference values 1s
located within a range between a maximum limit and a
minimum limit of the reference values;
wherein the maximum and the minimum of the reference
values used for scaling the random vanables are
obtained by performing, with an operator, a PWM
operation using minimum and maximum voltage val-
ues.
6. The method of claim 5, wherein the PWM operation 1s
carried out by

10

15

Vv, = —(V

MAX N

+ V)

vV + V!

mMax min

20

wherein V*  1s a maximum reference value, V* . 1s a
minimum reference value, and v 1s an arbitrary value.
7. The method of claim 6, wherein the scaling comprises
scaling, with the scaler, the random variables so that a sum
of the maximum value or the minimum value of the adjusted
reference values obtained from the PWM operation and a
maximum value or minimum value of a triangle wave does
not exceed the maximum limit and the minimum limait of the
adjusted reference values.
8. The method of claim S, wherein generating the random
variables comprises generating the random wvariables for
cach period of the three-phase voltage reference.
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